lated with the level of intraspecific polymorphism for neutral sites (Kimura 1983, p. 43) , it seems likely that D. ezoana and D. littoralis have a similar effective population size (N e ), of the order of 1,000,000 individuals, assuming a mutation rate of about 1-2 ϫ 10 Ϫ9 (Aquadro, Begun, and Kindahl 1994) .
In the D. ezoana fu region analyzed there are no replacement polymorphisms, but in D. littoralis there is a replacement of an aspartic acid (GAT) by an alanine (GCT) which is present at a frequency of about 8% in the Kuopio population and 20% in the Savonlinna population (14% in the combined sample). This replacement polymorphism is located at the same position where the common D. virilis aspartic acid (GAT)-alanine (GCC) replacement polymorphism is found (Vieira and Charlesworth 2000) . The virilis group is at least 10 Myr old (Throckmorton 1982; Spicer 1992; Nurminsky et al. 1996) , and despite the relatively low bootstrap values associated with some nodes, the unrooted Adh-Gpdh phylogeny shown in figure 2 is largely congruent with Spicer's (1992) consensus phylogeny based on developmental, morphological, chromosomal, behavioral, and biochemical data sets and thus likely reflects species relationships. There is no evidence for recent gene flow between species of the virilis phylad and D. littoralis because in contrast with what is observed, there should be fixed nucleotide differences between the D. littoralis alanine and aspartic acid haplotypes and significant linkage disequilibrium in this region (data not shown).
There are therefore two possible explanations for the fu data shown in figure 2. First, the ancestral population was monomorphic for GAT; this mutated to GCT and then to GCC in the virilis lineage, to AAT in the kanekoi-ezoana lineage, and to GCT in the littoralis lineage (a total of four mutations assuming that the root of the phylogeny is located between the virilis phylad [D. virilis, D. lummei, D. americana, and D. novamexicana] and the remaining species of the group). It should be noted that under this hypothesis the alanine mutation arose twice independently. In D. melanogaster, which belongs to another subgenus, at this amino acid site there is an aspartic acid (GAT) which is compatible with the assumption of the ancestral population being monomorphic for GAT.
Second, the ancestral population was polymorphic for GAT and GCT (or GCC). The GCT (or GCC) mutation was then lost in the montana lineage. The GAT to AAT mutation is fixed in the ezoana-kanekoi lineage. In the virilis lineage, the polymorphism persists for at least 10 Myr because of selection (Vieira and Charlesworth 2000) and mutates to GCC (or GCT). The alanine mutation is then lost at the fu locus in most species of this lineage. In the littoralis lineage, the GAT and GCT N is the sample size. Dots represent the same nucleotide as in the first sequence. Code is f for 5Ј flanking region sites, i for intron sites, s for synonymous sites, and r for replacement sites.
FIG. 2.-Molecular phylogeny (unrooted Neighbor-Joining tree; distances were computed using the Kimura two-parameter model; bootstrap values higher than 50% are shown near each node; the computer software MEGA 1.02 was used [Kumar, Tamura, and Nei 1994] ) based on Adh and Gpdh coding regions (Adh GenBank accession numbers are U26837-U26839, U26841-U26844, and U26846 [Nurminsky et al. 1996 Charlesworth (1999, 2000) , Vieira, McAllister, and Charlesworth (2001) , and Vieira and Hoikkala (2001) . Strains are from the Bowling Green Drosophila Stock Center.
(or GCC) polymorphism also persists for 10 Myr (where it may have mutated to GCT). Only two mutational steps (assuming that the root of the phylogeny is located between the virilis phylad and the remaining species of the group) but also several allelic losses are thus required. Because only 5% of the ancestral neutral polymorphisms between a pair of species are expected to be retained after 3.8 N e generations (where N e is the effective population size) after their separation (Clark 1997) , the maintenance of the aspartic acid-alanine polymorphism in the littoralis lineage is unlikely, unless it has been maintained by balancing selection. No significant deviations from neutrality were, however, detected for D. littoralis using four statistical tests of departure from neutrality (Fu and Li 1993; Kelly 1997; Wall 1999) , when C was assumed to be lower than 0.010. Recombination was included in the tests using the methods described in detail in Filatov and Charlesworth (1999) because when test statistics that assume no recombination are used for detecting selection in regions of normal recombination, their power is usually low (Wall 1999) . The value of C used is compatible with that inferred from the fu sequence data. In the history of the D. littoralis sample a minimum of two recombination events has been inferred (Hudson and Kaplan 1985) . An estimate of the level of recombination between adjacent sites (C ϭ 3N e c for an X-linked locus, where c is the population average recombination frequency per nucleotide site and N e is the effective population size for Xlinked loci; Hudson 1987) is 0.013.
Furthermore, if balancing selection has been maintaining the D. littoralis aspartic acid-alanine replacement polymorphism for a relatively long period of time, there should be a window of enhanced variability and linkage disequilibria near this site (Strobeck 1983; Hudson and Kaplan 1988; Kaplan, Darden, and Hudson 1988; Nordborg 1997; Vieira and Charlesworth 2000) . There are, however, no fixed nucleotide differences between the D. littoralis alanine and aspartic acid haplotypes, and the average level of silent site divergence between these two haplotypes (0.0107) is similar to the average level of polymorphism for the aspartic acid haplotype (0.0123). There is also no significant linkage disequilibrium at the D. littoralis fu gene between the aspartic acid-alanine replacement polymorphism and surrounding polymorphic sites (data not shown), although this could simply reflect the relatively low frequency of the alanine haplotype or high recombination rates at the D. littoralis fu gene. There should also not be a deficiency of polymorphism levels within haplotypes carrying one of the two selectively maintained alleles (Strobeck 1983; Hudson and Kaplan 1988; Kaplan, Darden, and Hudson 1988; Nordborg 1997; Vieira and Charlesworth 2000) , but the six D. littoralis alanine sequences are identical ( fig. 1) . Because of the small sample size of the alanine haplotype (N ϭ 6), there is, however, no statistical power to determine whether the observed lack of polymorphism within the alanine haplotype is incompatible with a simple neutral scenario.
In conclusion, there is no evidence for the D. littoralis aspartic acid-alanine polymorphism being a case of balancing selection. Therefore, the neutral double mutation hypothesis seems more likely, although because of the low frequency of the alanine haplotype much larger D. littoralis samples are required in order to fully address this issue.
